We provide the first description of development for a species belonging to Odontophrynus genus by describing all external changes of embryonic and larval stages for Odontophrynus cordobae. External morphological changes through development were analyzed on specimens bred in captivity. Embryonic and larval development, from fertilization to metamorphosis, was completed in 62 days and 46 stages were defined. We split the staging series into ten developmental groups: fertilization (stages 1 and 2); segmentation (stages 3-9); gastrulation (stages 10-12); neurulation (stages 13-16); elongation (stages 17-19); external gill larva (stages 20-24); internal gill larva (stage 25); pre-metamorphosis (stages 26-41); pro-metamorphosis (stage 42); metamorphic climax (stages 43-46). Marked increases in total length were evidenced during elongation and during stage 25, when the tadpole begins to feed. Stage 25 was the longest one (8 days) and it was related to organs rearrangement, morphological progression and body mass increment typical of free life larval form. Similar studies on related species are needed to compare different developmental stages at different taxonomic levels.
Introduction
The complex life cycle of most amphibians, particularly frogs, allows the larval and adult stages to occupy entirely different ecological settings, providing a unique situation among tetrapods . During the larval period, anurans exhibit a series of dramatic morphological changes (Shimizu & Ota 2003) . The continuously changing appearance of embryos and larvae during ontogenesis necessitates a method to quantify the progress of that development (Dünker et al. 2000) . Staging is the recognition of certain morphological landmarks that appear useful to compare the sequence of events in a developmental continuum . Tables and some aspects of development stages describing the morphological changes during embryonic and larval period have been proposed for a few anuran species [e.g., general -Gosner (1960) ; Rana pipiens (Schreber, 1782) - Shumway (1940) ; Taylor & Kollros (1946) ; Bufo valliceps (Wiegmann, 1833) - Limbaugh & Volpe (1957) ; Xenopus laevis (Daudin, 1802) - Nieuwkoop & Faber (1967) ; Hyla japonica Günther, 1859 -Iwasawa & Futagami (1992 , but most of them are incomplete and consider the description of only some stages. The use of a staging system allows comparisons among tadpoles of different size and developmental period that belong to diverse species having similar developmental steps (Gosner 1960) . However, such developmental descriptions are not yet available for several major groups of anurans (Shimizu & Ota 2003) .
The genus Odontophrynus is endemic to southern and eastern South America and consists of 10 recognized species so far (Rosset et al. 2006; Rosset 2008; Amaro et al. 2009 ). Odontophrynus species are clustered in four groups based on external morphology: americanus, cultripes, moratoi, and occidentalis (Savage & Cei 1965; Cei 1987; Caramaschi 1996; Rosset 2008) . The americanus group is represented by four species: Odontophrynus americanus (Duméril et Bibron, 1841), O. lavillai Cei, 1985 , O. cordobae Martino et Sinsch, 2002 and O. maisuma Rosset, 2008 . The recently described Odontophrynus cordobae is cryptic with its polyploid counterpart, O. americanus, and it is found in central and northwestern Córdoba and southern Santiago del Estero provinces (Martino & Sinsch 2002; Rosset et al. 2006) .
Larvae of all Odontophrynus species have been described in advanced stages of development [O. cultripes Developmental staging in Odontophrynus cordobae Reinhardt et Lütken, 1862 -Savage & Cei (1965 Cei (1980) ; O. barrioi ; O. salvatori Caramaschi, 1996 -Brandão & Batista (2000 ; O. occidentalis (Berg, 1896) - Savage & Cei (1965); Cei (1980) ; Cei & Crespo (1982) ; O. achalensis di Tada et al., 1984 -di Tada et al. (1984 ; O. carvalhoi Savage et Cei, 1965 -Caramaschi (1979 ; O. lavillai - Lavilla & Scrocchi (1991) ; O. americanus - Gallardo (1963); Savage & Cei (1965); Cei (1980) ; O. cordobae - Grenat et al. (2009); O. maisuma -Borteiro et al. (2010) ]. However, at present, there are no studies on the complete embryonic and larval development for the genus Odontophrynus. In fact, only the complete development of Rhinoderma darwinii Duméril et Bibron, 1841 was described (Jorquera et al. 1972) within the Cycloramphidae family. Research on anatomy and development of the larvae can provide valuable insights into systematics and functional diversification in closely related anurans' taxa (Vera Candioti et al. 2011) . These types of studies are essential to many researches involved with frog life-history materials and teratogenicity tests in toxicological studies.
Moreover, complete tables of development are necessary for accurate comparison of developmental stages in different organisms (Sayim & Kaya 2008) . In order to increase our knowledge about the natural history of O. cordobae we describe the external morphological aspects of all embryonic and larval stages in detail to facilitate future comparisons within genus and family, and more broadly, with other amphibians.
Material and methods
Two pairs of O. cordobae in amplexus were collected during breeding season in a stream near Santa Rosa de Calamuchita (32
• 02 S; 64
• 36' W; 674 m a.s.l.), Cordoba province, Argentina. In this site, O. americanus, its cryptic counterpart is not present. Each pair was kept in plastic containers to obtain complete clutches. Embryos and young tadpoles were reared in plastic bowls of 20 cm diameter and 8 cm depth in average (laboratory temperature: 23 ± 1
• C), with natural ambient lighting, in de-chlorinated and gently aerated tap water. The water was exchanged once a day. The tadpoles were fed daily with boiled vegetables ad libitum. Embryonic and larval developmental stages were defined following Gosner (1960) . Ten individuals of each stage were randomly sampled and preserved in formalin 4-10% in order to obtain a series comprising all developmental stages. The time lapses were counted since fertilization and were represented by the start of the stage. The embryonic period encompasses the early stages until hatching. After hatching, it is considered that the development begins its larval stage, which leads to metamorphosis.
Terminology and measurements followed . Total length (TL) and tail length (TaL) measurements were taken on all specimens using a caliper Somet Inox Extra and a Zeiss SR stereomicroscope with a micrometer to nearest 0.1 mm. All measurements, photographs and drawings were based on preserved animals. Descriptions were based on both preserved and live specimens. Photographs and drawings were performed by A. Martino and L. Zavala, respectively. Examined tadpole lot was deposited in the herpetology collection of Fundación Miguel Lillo, Tucumán, Argentina (FML 24190).
Embryonic and larval stages are described in Tables  1-5 
Results
Females deposited all eggs at once and disperse to the bottom of the containers. Fertilized egg diameter was 1.32 ± 0.05 mm (range 1.28-1.43 mm) (Fig. 1A) . Embryonic and larval development, from fertilization to metamorphosis, was completed in 62 days and 46 stages were recognized following Gosner (1960) (Tables 1-5 ).
The variation in total length (TL) through embryonic and larval stages is shown in Tables 1-5. From stage 1 (fertilization egg) to stage 12 (late gastrula) (Figs 1A-M; Tables 1, 2), TL was fairly constant. Accentuated increases in TL were evident during the elongation period (stages 17-19) ( during stage 25 (when tadpole begins to feed) ( (Tables 4, 5 ). After reaching its peak, TL decreased rapidly until metamorphosis completion due to absorption of the tail (Table 5) .
Tail length (TaL) represented 46% of total body length (TL) until stage 20 (hatching) ( Fig. 2A) , ranging between 50-56% for the rest of the larval stages. When reaching stage 43, TaL showed a sharp decrease of this ratio, which was close to 47% (Fig. 4B) . In stage 44, tail was reduced to a vestigial appendage representing 8% of the total length, and 4% in stage 45 (Fig. 4D ). In the last stage the tail was completely absorbed.
Discussion
Comparative developmental biology has revealed that developmental mechanisms are often conserved throughout vertebrates (Raff 1996) . Staged embryonic series are important as reference for different kinds of biological studies (Werneburg 2009 ). Our observations of the type of clutch and the way in which females deposited eggs were consistent with other authors (Fernández & Fernández 1921; Gallardo 1963; Cei 1980; Cei & Crespo 1982; Barrio 1964; Martino & Sinsch 2002; Grenat et al. 2009 ).
Developmental times reported for some cycloramphids studied, such as the genus Eusophus, are relatively short (<90 days) (Vera Candioti et al. 2005 , 2011 . Jorquera et al. (1974) reported a complete developmental period of 75 days for Rhinoderma darwinii. Time of complete development for O. cordobae in our work was approximately two months. In nature, it has been observed that tadpoles complete their development between two and 13 months after oviposition, remaining as larvae throughout the winter (Zavala Gallo, personal observation). This last development time is similar to that reported by Fernandez & Fernandez (1921) for Odontophrynus individuals from northern Córdoba (11-13 months), but considerably higher than that reported by Gallardo (1963) for Odontophrynus americanus individuals from Buenos Aires (7-8 months). However, Martino (1999) followed freeliving clutches of O. americanus from southern Córdoba and observed that complete development occurred between 12-15 days, considerably less than the development time of O. cordobae under laboratory conditions. The differences detected in time periods and changes of developmental stages could be influenced by the environment in which clutches are located and evolve. Environmental heterogeneity poses a challenge to developing organisms, as habitat conditions and resource levels define growth and differentiation rates (Hentschel 1999; Dmitriew & Rowe 2005) . Duellman & Trueb (1986) and Salthe & Mecham (1974) indicate that the temperature represents the most significant influence on developmental time and metamorphosis. In nature, temperature fluctuates daily and seasonally, and that may cause an increase in the duration of most stages and/or a decrease in others in comparison to observations made in laboratory with constant temperature (Niehaus et al. 2006) . On the other hand, the water quality and permanence of reproductive water bodies could also influence development. If the aquatic environment begins to deteriorate, larvae can speed up maturation to the terrestrial phase and increase their chances of survival (Laurila & Kujasalo 1999; Merila et al. 2004; Morey & Reznick 2004) . Clutches reared in artificial ponds, under normal environmental conditions, overwinter between stages 26-36. These stages are longer than those observed in laboratory conditions (Zavala Gallo, unpublished data). Average egg diameter measured in the present work was slightly higher than that reported by Fernandez & Fernandez (1921) for O. americanus (1.2 mm). However, egg diameter reported for other species of the Cycloramphidae family are notably higher: Rhinoderma darwinii -4 mm (Jorquera et al. 1974) ; Eusophus emiliopugini -6.7-7.2 mm (Vera Candioti et al. 2010) .
The time of fertilization, which is complete with the formation of the gray crescent (Fig. 1B) , took about 10 minutes in laboratory conditions. It is interesting to note that this fact differentiates O. cordobae from other leptodactyliforms in which the gray crescent does not appear during the development: Pleurodema thaul (Lesson, 1826) - Alay (1959) , P. brachyops (Cope, 1869) - Leon-Ochoa & Donoso-Barros (1970) and Batrachyla taeniata (Girard, 1855) - Jorquera & Molinari (1979) . In some amphibian species no gray crescent is seen because eggs are either too pigmented (Bufo) or not pigmented at all, e.g., Triturus cristatus (Laurenti, 1768) - Brachet (1977) . The duration of segmentation and gastrulation stages in O. cordobae was markedly shorter than that of Rhinoderma darwinii (92 hours -Jorquera et al. 1974) .
During stage 13, egg diameter increases and rotation begins. In contrast to other species, the embryo rotation occurs early in development: Rhinella (Bufo) arenarum (Hensel, 1867), stage 15 -Del Conte & Sirlin (1951) ; Pleurodema thaul, stage 17 -Alay (1959); P. brachyops, stage 18 - Leon-Ochoa & Donoso-Barros (1970) . From stage 16 until hatching (Fig. 1Q ) the embryo increases in length, reaching three times the height and more than twice the original length. This elongation period lasted about 21 hours (stage 19; Figs 1R-T). The disappearance of the adhesive organs occurred between stages 24 and 25, later than reported (stage 21) in the general system proposed by Gosner (1960) . On the other hand, operculum development began earlier than proposed by Gosner (1960) .
Later, during the period of larvae with external gills (∼48 hours; Figs 2A-E, 2H-L), non-feeding tadpoles showed scarce mobility. Stage 25 (larvae with internal gills; Figs 2F-G, 2M-O) was the longest one (8 days). Jorquera & Molinari (1979) defined this stage for Batrachyla taeniata as a transition period. In O. cordobae this stage is related to the organ rearrangement, morphological progression and body mass increment that leads newly hatched tadpole to reach its typical free-swimming larval form.
Throughout the pre-metamorphosis period (∼42 days), hind limbs and toes were completely developed (Fig. 3) . Similarly to species of cycloramphids and other groups studied, the hind limbs develop earlier than forelimbs (Vera Candioti et al. 2011) . The formation of the hind limbs, extending from stage 26 to stage 41, presents a peculiarity that distinguishes it from the general pattern (Gosner 1960 ) and other cycloramphid (R. darwinii - Jorquera et al. 1974) : the fingers 3, 2 and 1 from stage 34, and metatarsal tubercles from stage 36 appear simultaneously (Figs 3F-L) .
Stage 43 (Fig. 4B ) is presented as a critical stage in the metamorphosis of O. cordobae, which includes most of the changes that occur during the metamorphic climax. This was evident in the rapid absorption of the tail, which was reduced to a vestige in about half a day. Finally, during the metamorphic climax a number of critical changes took place that transformed the aquatic larva in a juvenile with body characteristics of an organism adapted to terrestrial life: absorption of the tail and the larval mouth parts, pulmonary function, histological reorganization of digestive tube and the appearance of the general characters of the adult.
Further studies on related species would allow the comparison of different developmental stages at different taxonomic levels and the identification of new diagnostic characters.
